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Rhesus Monkeys 
Keith L. Williams and James H. Woods 
Clinical trials have shown that naltrexone is effective in treating alcohol dependence; nausea and 
dysphoria have been reported as “side effects” in many of these studies. In primates, naltrexone reduces 
reinforced responding for oral ethanol, sucrose, and phencyclidine. This study was designed to determine 
if naltrexone reduces reinforced responding for various solutions by producing an interoceptive stimulus 
that may result in a conditioned taste aversion. Four opioid antagonist-naive rhesus monkeys responded for 
solutions from a two-spout operant panel for 30 min per day. During a conditioning phase, the monkeys 
received novel Kool-Aid@ solutions paired with either saline or naltrexone (0.32 mgikg) given 30 min 
before the session. The monkeys then had seven choice sessions between the saline-paired solution or the 
naltrexone-paired solution. During the conditioning phase, the naltrexone reduced responding after five 
naltrexone/solution pairings. In addition, a conditioned taste aversion was produced; the naltrexone-paired 
solution maintained significantly less responding than did the saline-paired solution during the choice 
phase. In the next phase, the saline and naltrexone were given “unpaired” from any distinct part of the 
operant session, and another seven choice sessions followed. Naltrexone had no effect when given “un- 
paired” from the operant session. Then, another conditioning phase was undertaken followed by another 
series of choice sessions. During the replication of the conditioning, naltrexone reduced responding by the 
second pairing, although no conditioned aversion was observed in the subsequent choice sessions. Thus, 
given in the same manner (dose, route, and pretreatment time) as situations in which naltrexone reduces 
oral ethanol-, sucrose-, and phencyclidine-reinforced responding, naltrexone produced a conditioned taste 
aversion. These results suggest that naltrexone-induced nausea and its conditioned effects should be 
considered in naltrexone’s effect in alcoholics. 
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HE ENDOGENOUS opioid system may mediate the T reinforcing properties of ethanol. Attenuating ethanol- 
related behaviors, naltrexone (NTX) and other opioid an- 
tagonists may block ethanol-induced opioid activation. 
Many studies document the effect of opioid antagonists on 
ethanol-related behaviors.’ For example, in monkeys, NTX 
decreased ethanol drinking during free access to ethanol.233 
In addition, NTX reduces oral and intravenous ethanol- 
reinforced re~ponding.~,~ Also effective in clinical studies of 
alcohol dependence, NTX reduced craving, increased ab- 
stinence, and decreased r e l a p ~ e . ~ , ~  NTX is currently being 
used as an adjunct in treating alcohol dependence. 
Although opioid antagonists affect ethanol-related be- 
haviors, the observed effects are not selective for ethanol. 
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Naloxone and NTX reduce many other ingestive behaviors. 
Early studies showed that naloxone reduced feeding, water 
consumption, and sucrose drinking in rats.’-’’ In other 
studies these antagonists decreased drinking of water as 
well as sweetened condensed milk in We 
have previously shown that the same NTX dose that re- 
duced ethanol-reinforced responding also reduced sucrose- 
reinforced re~ponding.~ These data suggest that opioid an- 
tagonists reduce ethanol-related behaviors by affecting 
ingestive or consummatory processes in general rather than 
selectively attenuating the pharmacological basis of etha- 
nol’s reinforcing effects. 
Opioid antagonists may affect ingestive behaviors by pro- 
ducing nausea. For instance, intravenous naloxone infu- 
sions in normal humans increased dysphoria as rated by the 
Profile of Mood States.l32l4 In doses that are used to treat 
alcohol dependence (50-100 mg orally), NTX increased 
feelings of nausea, light-headedness, and fatigue in normal 
subjects.15,16 Opioid antagonist-induced nausea has been 
reported in clinical weight loss  trial^,'^"' as well as studies 
of taste perception and food  preference^."-^' Nausea and 
dizziness are also reported by alcohol-dependent patients 
when medicated with NTX.6 The side effects of nausea and 
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dysphoria, although not emphasized when evaluating the A ~ ~ a r a t u s  
NTXIethanol inteiactions, may contribute to the therapeu- 
tic effects of NTX in alcohol-dependent patients (and also 
provide a source of problems for compliance). The side 
effects seem tolerable when people take NTX alone. How- 
ever, when people take NTX and consume alcohol, they 
report more nausea, dysphoria, and sometimes vomiting 
(EM Hill et al., unpublished data).23-25 Thus, opioid antag- 
onists may produce a subjective state that dampens inges- 
tive behaviors. 
Classical conditioning paradigms can be used to evaluate 
the conditionable properties of opioid antagonists. In clas- 
sical conditioning, an “unconditioned stimulus” (toxin) that 
produces an “unconditioned response” (dysphoria or nau- 
sea) is paired with a “conditioned stimulus” (a particular 
taste). After repeated pairings, the conditioned stimulus 
alone can elicit the unconditioned response, which is then 
called the “conditioned response.” For example, an opioid 
antagonist may produce dysphoria and nausea similar to 
some toxins. When the antagonist’s effects are repeatedly 
paired with a particular flavor, the animal will show an 
aversion to that flavor even in the absence of the opioid 
antagonist’s effects. Conditioned taste and place aversions 
have been produced with opioid antagonists administered 
to rodents.26-28 In these conditioning studies, the antago- 
nists were given after access to the solutions, although in 
most antagonist/ethanol studies the antagonist was given 
before access to the solutions. In addition, some studies 
suggest that if the taste stimulus is sufficiently salient, a 
conditioned taste aversion can be produced by giving the 
unconditioned stimulus up to 75 min before the taste stim- 
The purpose of this study was to determine if a pretreat- 
ment of NTX would produce a conditioned taste aversion 
in monkeys. In previous s t ~ d i e s , ~ , ~ ~  we showed that NTX 
0.32 m@g given 30 min before fluid access reduced oral 
and intravenous ethanol-reinforced responding, as well as 
oral sucrose- and phencyclidine-reinforced responding. Us- 
ing the same dose and pretreatment time in this study, we 
wanted to characterize the ability of NTX to condition 
behavior using a conditioned taste aversion paradigm. We 
also gave NTX “unpaired” with any distinct part of the 
operant session to show that the NTX effect depends on 
temporal pairing of NTX administration and the particular 
solution. 
u1us.29,30 
MATERIALS AND METHODS 
Subjects 
Subjects were four adult male rhesus monkeys (Macaca mulatta; weigh- 
ing 7.6-11.0 kg). The subjects had no prior experience receiving opioid 
antagonists. In all of the following experiments the “Guide for the Care 
and Use of Laboratory Animals” (NIH publication, vol. 25, number 28, 
revised 1996) was followed. 
Thc animal housing room was on a 12-hr lightidark cycle (lights on at 
0630 hr, lights off at 1850 hr). The monkeys were housed in individual 
cages measuring 64 cm X 72 cm X 85 cm high. A fluid-delivery panel, 
similar to that used in other studies:.3z was attached to one wall of each 
cage during daily sessions. Holes were cut in thc cage wall so that two brass 
spouts on the fluid-delivery panel protruded into the cage S O  cm from the 
floor. A stimulus light that could be illuminated red or green was located 
3 cm above each spout. The drinking solutions were contained in 1000-ml 
plastic bottles attached to the back of thc panel. Plastic tubing connected 
each bottle to the spout valve. The fluid containers were elevated so that 
the liquid was gravity-fed to thc spout valve and delivery was controlled by 
a solenoid switch. Contact with either spout closed an electrical circuit 
(drinkometer) and a response was recorded. The stimulus light above the 
spout flashed when contact was made with the spout. When the reinforce- 
ment schedule was satisfied, the solenoid was activated and 0.5 ml of fluid 
was delivered. Solutions were measured after the session using graduated 
cylinders to confirm delivery amounts. The experiments were controlled 
and the data recorded using IBM PCjr microcomputers located in a room 
adjacent to the housing room. 
Procedure 
Experimental sessions were conducted each day at approximately 8 
AM. Each session lasted 30 min, during which time the animal could 
respond and obtain fluid from either of the two spouts. When the spouts 
were active, the lights above both spouts were illuminated green. The 
monkeys were reinforced with 0.5 ml of fluid for every four mouth contacts 
on the spout (reinforcement schedule = fixed ratio 4 or FR4). The 
reinforcement schedule on each of the two spouts operated concurrently 
and independently such that the responses on one spout did not alter the 
number of responses required on the opposite spout. The animals were 
fed at the end of the day. From a third spout mounted in the back of the 
cage, water was available from approximately 2 PM to 7 A M .  
Conditioning Phase 
During the first phase of the experiment, the monkeys were subjected 
to 3-day conditioning blocks. On the first day, water was available from 
one spout while 100 giliter sucrose mixed with a novel Kool-Aid@ flavor 
was available from the other spout. On the second day, water was again 
available from one spout, while the other spout contained 100 g/liter 
sucrose mixed with a different, but novel, Kool-Aid flavor. On the third 
day, water was available from both spouts. This 3-day block was repeated 
eight times. Thirty minutes before each of these drinking sessions, the 
monkeys received an intramuscular injection of saline (days 1 and 3) or 
NTX 0.32 mg/kg (day 2). Thus, the Kool-Aid flavor on day 1 was paired 
with saline (“saline-paired solution”) while the Kool-Aid flavor on day 2 
was paired with NTX (“NTX-paired solution”). Water was not distinctly 
paired with saline or NTX. For two of the four monkeys, the saline-paired 
solution was an orange flavor while the NTX-paired solution was a grape 
flavor. The other two monkeys received grape as the saline-paired solution 
and orange as the NTX-paired solution. The spout position of the solu- 
tions alternated during each block. For example, the saline-paired solution 
was on the left in block 1, the right in block 2, the left in block 3, etc. The 
NTX-paired was on the right in block 1, the left in block 2, the right in 
block 3, etc. 
Choice Sessions with Saline-Paired and NTX-Paired Solutions 
After the conditioning phase, the monkeys had access to both the 
saline-paired and NTX-paired solutions in the absence of pretreatment 
injections. Water was not available during the session. This condition 
lasted for 7 days. The side position of the solutions was alternated daily. 

















Choice Sessions with NTX-Paired Solution and Wafer 
In this condition, the NTX-paired solution was made available concur- 
rently with water in the absence of pretreatment injections. The monkeys 
were tested for 6 days. The side position of the solutions was alternated 
daily. 
Unpaired NTX Administration 
This part of the experiment was similar to that of the conditioning 
phase. There were eight 3-day blocks, during which the monkeys received 
injections of saline (days 1 and 3) or NTX 0.32 mgkg (day 2). However, 
the injections were given at approximately 5 PM, which is at least 5 hr after 
the drinking session ended. In addition, the solution presentation was 
pseudo-randomized such that the NTX, given on day 2 of each block, was 
administered 5 hr after access to grape and water (three times), orange 
and water (three times), and water and water (two times). Also, to avoid 
producing a side preference, the day 2 Kool-Aid solutions were on the 
right side three times and on the left side three times. Thus, the NTX was 
given such that it would be “unpaired” with any distinct aspect of the 
drinking session. 
Choice Test (Saline-Paired and NTX-Paired Solutions) 
phase. 
This phase is identical to the choice sessions after the conditioning 
Conditioning Phase Replication 
This phase is identical to the conditioning phase. One monkey was 
insensitive to NTXs effects in the original conditioning phase. That mon- 
key’s NTX dose was increased to 1 mgkg for blocks 6, 7, and 8. 
Choice Sessions with Saline-Paired and NTX-Paired Solutions 
This phase is identical to the choice sessions after the conditioning 
phase. 
Drugs and Solutions 
Kool-Aid solutions were prepared by combining 1 small flavor packet, 
200 g of sucrose, and 2 liters of tap water. All solutions were room 




Fig. 1. The average number of fluid deliv- 
eries of the saline-paired (filled circles, solid 
line) and NTX-paired (filled inverted triangles, 
dashed line) solutions, as well as the concur- 
rently available water (open circles, dashed 
line) over eight 3-day conditioning blocks. The 
detached open circles on the third day of 
each block denote the  water available from 
the second spout when water was available 
from both spouts. On days 1 and 3 of each 
block, saline was given 30 min before the 
session and on day 2 of each block, NTX 0.32 
mg/kg was administered at the same pre- 
treatment time. The asterisk indicates a sig- 
nificant difference (Student Newman-Keuls, 
p < 0.01) between the fluid deliveries of the 
saline-paired and NTX-paired solutions within 
the same block. 
NIDA, dissolved in sterile water to a concentration of 5 mgiml, and 
injected in volumes less than 0.8 ml. 
Data Analysis 
The data from the conditioning phase and the conditioning-phase 
replication were analyzed using a two-way repeated measures analysis of 
variance (within subjects variables- pretreated solution and blocks). All 
choice tests were analyzed using a wo-way repeated measures analysis of 
varianace (within subjects variables-solution and days). Post hoc Student 
Newman-Keuls were performed to examine multiple comparisons. 
RESULTS 
During the first four blocks of the conditioning phase, 
the fluid deliveries of the saline-paired solution were ap- 
proximately equal to those of the NTX-paired solution 
(Fig. 1). After the fourth block, the fluid deliveries of the 
NTX-paired solution decreased while the fluid deliveries of 
the saline-paired solution increased. The interaction effect 
of the pretreated solution and block approached signifi- 
cance [F(14,42) = 1 . 8 8 ; ~  < 0.0581. The post hoc Student 
Newman-Keuls test showed that, for blocks 6, 7, and 8, the 
fluid deliveries of the NTX-paired solution were signifi- 
cantly less than those of the saline-paired solution [p < 
0.006, p < 0.004, and p < 0.0051. By the sixth block, the 
fluid deliveries of the NTX-paired solution were reduced to 
60 deliveries or less for three of four monkeys. NTX had no 
effect in one monkey which caused the large variability 
observed from blocks 6 to 8 in Fig. 1. One monkey received 
fewer than 11 fluid deliveries of the NTX-paired solution 
on any of the blocks. Thus, repeated NTX-solution pairings 
reduced the fluid deliveries of that solution over time. 
For the first 2 days of choice sessions the fluid deliveries 
of the saline-paired solution were approximately equal to 
those of the NTX-paired solution (Fig. 2). There was no 
significant main effect of solution [F(1,3) = 4.56; p < 0.121 
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Fig. 2. The average number of fluid deliv- 
eries of the saline-paired (filled circles, solid 
line) and NTX-paired (filled inverted triangles, 
dashed line) solutions available concurrently 
over the 7 days after the conditioning phase, 
The asterisk indicates a significant difference 
(Student Newman-Keuls, p < 0.05) between 
the fluid deliveries of the saline-paired and 
NTX-paired solutions. 
Fig. 3. The average number of fluid deliv- 
eries of the NTX-paired solution (filled inverted 
triangles, dashed line) and the concurrently 
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or days [F(6,18) = 0.26; p < 0.951. The interaction effect 
was also not significant [F(6,18) = 2.12; p < 0.101. How- 
ever, the post hoc Student Newman-Keuls test indicated 
that the fluid deliveries of the NTX-paired solution were 
significantly less than the saline-paired solution during days 
3 through 7 [ p < 0.021. For two of four monkeys, the fluid 
deliveries of the NTX-paired solution never exceeded eight 
fluid deliveries during all the choice sessions. The monkey 
for which NTX was ineffective during the conditioning 
phase showed no preference for either solution. Thus, NTX 
administration before a novel solution access can alter 
solution preferences and produce a conditioned taste ef- 
fect. 
When the NTX-paired solution was made available con- 
currently with water (Fig. 3), the fluid deliveries of the 
1 2 3 4 5 6 
Days 
NTX-paired solution were significantly higher than those of 
water [main effect of solution, F(1.3) = 171; p < O.OOl]. 
The effect of days and the interaction of solution and days 
were not significant [F(5,15) = 1.83; p > 0.18 and F(5,15) 
= 1 . 9 4 ; ~  < 0.151. The average data in Fig. 3 suggest that an 
extinction process took place such that the fluid deliveries 
of the NTX-paired solution gradually increased over a time 
when no alternative sweet and caloric solution was made 
available. Two of the four monkeys showed a more robust 
extinction pattern. During the first 3 days for these two 
monkeys, the fluid deliveries of the NTX paired solution 
gradually increased such that by the third and fourth day 
the monkeys received more than twice the fluid deliveries 
they received on day 1. 
When NTX was administered unpaired with any distinct 
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part of the operant session (Fig. 4), there was clearly no 
differential effect of NTX. The fluid deliveries of the pre- 
viously saline-paired solution Were no different from those 
of the previously NTX-paired solution. 
When the monkeys were given choice sessions after the 
unpaired NTX administration (Fig 5) ,  the fluid deliveries of 
the saline-paired solution were approximately equal to 
those of the NTX-paired solution. Two of the monkeys 
showed a substantial side preference during this phase of 
the experiment. The side preferences are responsible for 
the shape of the average data in which the solution that 
maintains the greatest fluid deliveries alternates every 
other day. For example, the fluid deliveries of the NTX- 
paired solution were greater on days 3, 5 ,  and 7. 
During the conditioning phase replication (Fig. 6), the 
6 7 
Fig. 4. The average number of fluid deliv- 
eries of the saline-paired (filled circles, solid 
line) and NTX-paired (filled inverted triangles, 
dashed line) solutions, as well as the concur- 
rently available water (open circles, dashed 
line) over eight 3-day conditioning blocks. The 
detached open circles denote the water avail- 
able from the second spout when water was 
available from both spouts. On days 1 and 3 
of each block, saline was given at the end of 
the day at least 5 hr after the session. On day 
2 of each block, NTX 0.32 mg/kg was admin- 
istered at the same time as the saline on days 
1 and 3. The letters near the saline-paired and 
NTX-paired symbols denote the side position 
of that fluid (R = right, L = left). 
Fig. 5. The average number of fluid deliv- 
eries of the saline-paired (filled circles, solid 
line) and NTX-paired (filled inverted triangles, 
dashed line) solutions available concurrently 
over the 7 days after the unpaired NTX ad- 
ministration. 
fluid deliveries of the saline-paired solution a d NTX- 
paired solution were approximately equal only on day 1. 
Thereafter the fluid deliveries of the NTX-paired solution 
decreased rapidly. There was a main effect of solution 
[F(2,4) = 34;p < 0.0041, block [F(7,14) = 5 . 0 5 ; ~  < 0.0051, 
and an interaction of solution and block [F(14,26) = 2.53; 
p < 0.021. The post hoc Student Newman-Keuls test re- 
vealed that fluid deliveries of the NTX-paired solution was 
significantly less than those of the saline-paired solution 
from blocks 2 through 8 [p < 0.041. In the original condi- 
tioning phase, these solutions were different only from 
blocks 6 through 8. During block 1, the fluid deliveries of 
both solutions were greater than in the corresponding block 
of the original conditioning phase. For one monkey the 
NTX dose was increased to 1 mg/kg from blocks 6 through 
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Fig. 6. The average number of fluid deliv- 
eries of the saline-paired (filled circles, solid 
line) and NTX-paired (filled inverted triangles, 
dashed line) solutions, as well as the concur- 
rently available water (open circles, dashed 
line) over eight 3-day conditioning blocks of 
the conditioning phase replication. The de- 
tached open circles on the third day of each 
block denote the water available from the sec- 
ond spout. On days 1 and 3 of each block, 
saline was given 30 min before the session 
and, on day 2 of each block, NTX 0.32 mg/kg 
was administered (indicated by "NTX" on thex 
axis) at the same pretreatment time. The as- 
terisk indicates a significant difference (Stu- 
dent Newman-Keuls, p < 0.05) between the 
fluid deliveries of the saline-paired and NTX- 



















8. This monkey, previously insensitive to the effects of NTX 
in the original conditioning phase, then reduced responding 
for the NTX-paired solution. Overall, NTX appeared to 
have a greater effect during the conditioning phase repli- 
cation than in the original conditioning phase. 
Even though NTX reduced the fluid deliveries of the 
NTX-paired solution during the conditioning phase repli- 
cation, the following choice sessions showed that NTX had 
no effect on solution preference during a time subsequent 
to the NTX injections. Thus, the second conditioning phase 
failed to reproduce the conditioned changes to the NTX- 
paired solution. 
DISCUSSION 
In this study, we examined whether NTX would produce 
a conditioned taste effect when given in the same manner 
as that which reduces oral and intravenous ethanol- 
reinforced responding as well as sucrose- and 
phencyclidine-reinforced r e ~ p o n d i n g . ~ , ~ ~  The results show 
that, during the original conditioning phase, NTX reduced 
fluid deliveries on the day of injection only after the fifth 
conditioning block. After the conditioning phase, the ani- 
mals showed a preference for the saline-paired fluid rather 
than the NTX-paired fluid, thus indicating a conditioned 
aversion to the NTX-paired fluid. When the NTX admin- 
istration was unpaired with the solution, NTX failed to 
reduce fluid deliveries on either the day of injection or the 
day after injection and also failed to produce a conditioned 
effect. During the replication of the conditioning phase, 
NTX reduced fluid deliveries on the day of injection more 
effectively than during the original conditioning phase. 
These results may help explain how opioid antagonists 
reduce ethanol drinking. 
Opioid antagonists may block ethanol's reinforcing prop- 
erties and thus suppress ethanol drinking. Some research 
L + Saline-Paired Solution f NTX-Paired Solution -0 . Water - 
3 4 5 6  7 8  
3-Day Blocks 
indicates that opioid antagonists block the ethanol-induced 
increase of endogenous opioid activity that mediates etha- 
nol's reinforcing proper tie^.^^ However, there are many 
arguments against this hypothesis. At doses that affect 
ethanol drinking, opioid antagonists reduce a variety of 
ingestive behaviors.34 If NTX was blocking the ethanol- 
induced increase of endogenous opioids, then we must 
assume that feeding and drinking behaviors increase opioid 
activity to a similar degree. In previous studies, we found 
that the same NTX doses reduced responding for oral 
ethanol, sucrose, and phencyclidine We also 
showed that the NTX effect was not surmountable by 
increasing the ethanol concentration and thus total ethanol 
intake (gkg). Instead, the ethanol concentration-effect 
curve was shifted down. The ethanol/NTX interaction was 
not similar to that of an opioid agonist/competitive antag- 
onist interaction in which the antagonist effect is overcome 
by increasing drug intake.35 In addition, large antagonist 
doses are required to reduce feeding, drinking, and 
ethanol-related behaviors. This fact, although seldom dis- 
cussed, suggests that the ethanol/NTX interaction may be 
due to a mechanism other than blocking ethanol-induced 
opioid activity. At much smaller doses than those required 
to reduce ethanol-reinforced responding, NTX blocks 
opioid-induced antinociception and intravenous opioid 
~elf-adminis t ra t ion.~~,~~ 
An alternative mechanism, NTX-induced nausea may be 
responsible for the effects of NTX on ethanol-related be- 
haviors. This interoceptive state may dampen or reduce 
ingestive behaviors. Many studies report nausea and dys- 
phoria as a side effect of NTX in nonopiate dependent 
humans (see Introduction). In this study, we demonstrated 
that the NTX pretreatment regimen that reduced rein- 
forced responding for ethanol, sucrose, and phencyclidine 
in our previous study also produced a conditioned taste 
effect. We used a method by which the conditioned effect 
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is assessed by a choice test between the toxin-paired and 
the vehicle-paired s ~ l u t i o n . ~ ” * ~  In most conditioned taste 
aversion paradigms, the toxin is given after exposure to the 
novel taste stimulus.38 However, we gave the NTX before 
solution access which has also been shown to produce 
conditioned effects s t i m u l u ~ . ~ ~ , ~ ~  Therefore, NTX, as a pre- 
treatment, may reduce ethanol drinking by inducing 
nausea-related interoceptive stimuli. 
Learning plays a role in the suppressant effects of NTX. 
In the original conditioning phase, NTX reduced respond- 
ing only after the fifth NTX pretreatment. In the condi- 
tioning phase replication, NTX effectively reduced re- 
sponding for the NTX-paired solution on the second 
pretreatment day (block 2). The monkeys may have reac- 
quired the association between the effects of NTX and the 
taste of the solution more quickly than the learning that 
took place in the original conditioning phase. The failure of 
a conditioned aversion in the choice sessions after the 
conditioning phase replication may be due to conditional 
learning. For example, NTX may produce a detectable 
interoceptive cue when administered alone. When ingest- 
ing the solutions in the presence of NTX, the nausea or 
dysphoria may have increased substantially. Thus, the mon- 
keys may have learned that the aversive experience is con- 
ditional upon consuming the solution in the presence of the 
NTX. 
Although it is unlikely that conditioned aversion is the 
basis of the therapeutic effects of NTX in alcoholics, NTX- 
induced nausea, or aversive effects may still be important. 
To produce a conditioned aversion, the taste stimulus 
should be novel. Alcohol is not a novel taste stimulus to 
alcoholics and should therefore be ineffective as a condi- 
tioned stimulus. NTX also failed to produce aversive effects 
in all alcohol-dependent  subject^.^.^ Additionally, if NTX 
produces an aversion to alcohol, NTX should more effec- 
tively reduce “relapse” in subjects that sampled alcohol 
rather than those that maintained abstinence. One study6 
showed that NTX improved relapse rates in both the ab- 
stainers and the alcohol samplers. However, in the studies 
that used social drinkers, reports of nausea or aversive 
effects were greater when the subjects received both NTX 
and a l ~ o h o l . ~ ~ - ~ ~  Although NTX alone may be an innocu- 
ous stimulus in many people, the aversive effects may arise 
when alcohol is consumed in the presence of NTX. These 
aversive effects, although not as strong as those produced 
by disulfiram, may inhibit further alcohol drinking without 
producing a conditioned aversion. The therapeutic effects 
of NTX on craving and other measures in subjects that 
maintain abstinence remain to be explained. 
Improvements to the design of this experiment may clar- 
ify some issues. First, NTX failed to reproduce a condi- 
tioned aversion after the conditioning phase replication. 
We used the same monkeys in all the procedures described 
herein. Thus, extensive exposure to both the Kool-Aid 
flavors during the course of the experiments may have 
blocked reconditioning because the solutions were no 
longer novel. In conditioned taste aversion experiments, 
the novelty of the taste stimulus plays a role in the strength 
of the subsequent conditioned aversion.38 Using a different 
group of monkeys in the unpaired NTX administration or 
using different novel flavors during the conditioning phase 
replication may have solved this problem. Another problem 
is discerning whether NTX produced a conditioned aver- 
sion after the original conditioning phase or whether ex- 
tensive consumption of the saline-paired solution produced 
a preference for that solution. The animals received more 
exposure to the saline-paired solution in our experiment 
although we used a procedure similar to that used by 
others.26227 Their experiments used a maximum of four 
NTWsolution pairings, although we used eight NTX/solu- 
tion pairings. In an additional experiment, the conditioning 
phase could involve only NTWsolution pairings (omitting 
saline/solution pairings) and the first choice test could in- 
volve a choice between the NTX-paired solution and water. 
Finally, the monkey that was insensitive to NTX may have 
skewed the data and hindered the determination of statis- 
tically significant effects. With only four subjects, one out- 
lier monkey had a profound effect on the data. We cannot 
explain why this monkey did not respond to NTX in a 
manner similar to that of the other monkeys. 
Thus, the effects of NTX on ethanol-related behaviors 
may be due to the ability of NTX to condition an aversion. 
When both the NTX and the solution are novel, the aver- 
sive properties of NTX are revealed by producing a condi- 
tioned taste effect. NTX may interact with ingestive behav- 
iors to produce nausea and dysphoria. Future experiments 
may examine alternative conditioning paradigms to further 
characterize the role of the aversive properties of NTX in 
ethanol-related behaviors. 
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